Introduction
Marijuana is the most widely used illicit drug by adolescents in the United States; 14.0% of adolescents in grades 8, 10, and 12 reported use of marijuana in the past 30 days in 2015 (1) . Marijuana use declined among adolescents from 1979 to 1992 and then rebounded in the 1990s (1) . Marijuana use among adolescents has been steady since 2000, but the perceived harmfulness of using marijuana is softening and concurrent use of marijuana and other drugs is rising (1) . An estimated 19.8 million people aged 12 years or older used marijuana in the past month and 8.1 million used it on 20 or more days in 2013 (2) . Adolescents are in a transition stage, in which marijuana use could cause damage to brain development and lead to concurrent use of stronger substances such as cocaine and opioids (3, 4) . Adolescents are likely to be influenced by advertisements to accept and normalize substance use behaviors. Tobacco advertising and smoking behaviors are strongly associated (5) (6) (7) . Similar correlations exist between exposure to advertisements and drinking among adolescents (8, 9) . Because many states have legalized marijuana use in some form and some states also have laws legalizing marijuana use for both medical and recreational purposes (10) , marijuana has grown into a multibilliondollar business, and sales are expected to reach $22.8 billion by 2020, up from $5.7 billion in 2015 (11) . In the last several years, marijuana has received increased attention from the media (12, 13) , and advertisements for marijuana have increased (14) .
A few studies examined the relationship between exposure to marijuana advertisements and marijuana use among adolescents (15) (16) (17) . D'Amico and colleagues (15) surveyed 6th-, 7th-, and 8th-graders from 16 middle schools in southern California and found that exposure to medical marijuana advertisements was significantly associated with adolescents' intention to use marijuana and their actual marijuana use 1 year later; the study, however, did not differentiate among channels of exposure (eg, stores, billboards, television, internet). Other studies focused on exposure to television advertisements (16, 17) . Little is known about how exposure to marijuana advertisements is associated with the prevalence and frequency of marijuana use among adolescents at the national level and whether they differ by various channels of exposures and sociodemographic characteristics (eg, race/ethnicity, age, sex).
To address gaps in knowledge, this study analyzed the exposure to marijuana advertisements through multiple channels by using a nationally representative sample of middle and high school students, from the 2014 and 2015 Monitoring the Future (MTF) studies, and assessed the associations between exposure to marijuana advertisements and prevalence and frequency of marijuana use. This study sought to 1) report the prevalence of adolescents' exposure to marijuana advertisements from stores, magazines or newspapers, billboards, internet, television, and radio; 2) assess associations between exposure to marijuana advertisements from each channel and marijuana use (current use and frequency of use), and 3) examine whether the number of exposures to marijuana advertisements and other sociodemographic factors are associated with prevalence and frequency of current marijuana use.
Methods
Data were from the 2014 and 2015 MTF surveys, which are crosssectional surveys that use a nationally representative sample to explore changes in values, behaviors, and lifestyle orientations among students in the United States. MTF annually surveys 8th-, 10th-, and 12th-grade students by using a multistage, stratified research design and has reported data on drug use for 12th-graders since 1975 and 8th-and 10th-graders since 1991. Details of sampling design are available elsewhere (18) . A total of 41,551 students participated in the 2014 survey; response rates were 90% (8th grade), 88% (10th grade), and 82% (12th-grade) (19, 20) . A total of 44,892 students participated in the 2015 survey; response rates were 89% (8th grade), 87% (10th grade), and 83% (12th grade) (21, 22) .
In the 2014 and 2015 MFT surveys, 4 randomly distributed forms were used in 8th and 10th grades, and 6 randomly distributed forms were used in 12th grade. National weights were applied to each student record to account for the complex survey design and adjust for nonresponse. Because the data were de-identified and publicly available, the study was considered as non-human subjects research by the institutional review board at Children's Mercy Hospital.
Measures
Marijuana use (current use and frequency of use). Current marijuana use was defined by the item "On how many occasions (if any) have you used marijuana (grass, pot) or hashish (hash, hash oil) . . . during the last 30 days?" Response options were 1 (0 occasions), 2 (1 or 2 occasions), 3 (3-5 occasions), 4 (6-9 occasions), 5 (10-19 occasions), 6 (20-39 occasions), and 7 (≥40 occasions). Students who reported 0 occasions were defined as not using marijuana. Current marijuana users were defined as students who reported at least a 1-time use of marijuana in the last 30 days. Frequency of marijuana use among current users was measured as a continuous variable (from 2 to 7).
Exposure to advertisements. Exposure to marijuana advertisements on storefronts, in magazines or newspapers, on billboards, on the internet, on television, and on radio was measured by the following 6 items in the MTF: 1) "In recent months, about how often have you seen advertisements promoting marijuana use . . . A: on storefronts? B: on billboards? C: in magazines or newspapers? D: on the Internet? E: in TV? F: on the radio?" Response options included: "Not at all," "Less than once a month," "1-3 times per month," "1-3 times per week," "Daily or almost daily," and "More than once a day." For each type of advertisement, students who responded "not at all" were defined as having no exposure to marijuana advertisements, and those who chose any of the other responses were defined as having exposure. The number of exposures from multiple channels was further summed as exposure from 0, 1, 2, 3, and 4 or more types of channels.
Exposure to marijuana advertisements was asked in one form in 8th and 10th grades (form 4) and 2 forms in 12th grade (forms 1 and 2). Of all respondents to the 2014 and 2015 MTF studies combined (n = 86,443), 12,988 (15.0%) were randomly assigned to the questionnaires that included exposure to marijuana advertisement questions and thus were included in the final analysis. These 2 groups (those who got the questionnaires about marijuana advertisements and those who did not) had similar sociodemographic profiles.
Covariates. Several covariates were included to assess social factors that influence marijuana use: sex (male and female), race/ ethnicity (black, white, and Hispanic), grade (8th, 10th, and 12th grade with the typical age of 13, 15, and 17 years old, respectively), parental education level (highest level of education of either parent, categorized as less than high school diploma, high school diploma, and college or higher), geographic residence region based on census categories (Northeast, North Central, South, and West), and population density (large metropolitan statistical area [MSA] , other MSA, and non-MSA).
Statistical analysis
Weighted percentages of sociodemographic characteristics, marijuana use (current use and frequency use), and exposure to marijuana advertisements by channel were calculated and compared by using the Rao-Scott χ 2 test. Survey logistic regression models were used to examine the associations between exposure to marijuana advertisements and prevalence of marijuana use among adolescents, and survey linear regression models were used to examine the associations between exposure to marijuana advertisements and frequency of marijuana use. Adjusted odds ratios (ORs) and 95% confidence intervals were calculated for the dichotomous dependent variable and a linear regression coefficient and standard error for the continuous dependent variable. Statistical analyses were performed by using SAS version 9.4 (SAS Institute Inc), and a P value < .05 was considered significant.
Results
Among 12,988 adolescents who responded to the questions about exposure to marijuana advertisements from the combined 2014 and 2015 MTF, 13.8% reported current marijuana use (Table 1) . Among current marijuana users, 36.7% used it on 1 or 2 occasions and 14.1% used it on 40 or more occasions in the last 30 days. The prevalence and frequency of use were similar for 2014 and 2015. The prevalence of marijuana use increased significantly by grade: 8th grade, 6.2%; 10th grade, 14.8%; and 12th grade, 20.6%. The frequency of marijuana use also increased significantly by grade: 18.7% of 8th-graders, 20.3% of 10th-graders, and 29.2% of 12th-graders used it on at least 20 occasions in the last 30 days. Boys were significantly more likely than girls to report using marijuana more frequently. For example, 16.7% of boys and 9.1% of girls reported using marijuana on 40 or more occasions in the last 30 days, and white adolescents had a significantly lower prevalence of current marijuana use (12.6%) than did black (14.9%) or Hispanic (14.6%) adolescents. Respondents whose parental education was college or higher or who lived in the North Central census region or in a non-MSA had a lower prevalence of current marijuana use than their counterparts did. In the univariate analysis, no significant differences were found in frequency of marijuana use by race/ethnicity, parental education, geographic region, or population density.
Exposure to marijuana advertisements was prevalent among adolescents: 52.8% reported exposure from the internet, 32.1% from television, 24.1% from magazines or newspapers, 19.7% from radio, 19.0% from storefronts, and 16.6% from billboards ( Table 2) . After adjustment for grade, sex, race/ethnicity, parental education, region, and population density, current use of marijuana among adolescents was significantly associated with exposure to marijuana advertisements on storefronts, magazines or newspapers, billboards, internet, television, and radio. The linear regression showed that exposure to marijuana advertisements from the internet was associated with a 0.3-unit increase in the scale (ranging from 2 to 7) of marijuana use frequency (β = 0.3, P = .04); no significant associations were found between frequency of marijuana use and other types of exposure.
Overall, 58.7% of respondents reported some level of exposure to marijuana advertisements in recent months; 19.8% reported exposure from 1 type of channel, 12.2% from 2 types of channels, 8.4% from 3 types of channels, and 18.3% from 4 or more types of channels. Exposure to marijuana advertisements from multiple channels was associated with increased odds of reporting current marijuana use. Compared with adolescents with no exposure to marijuana advertisements, adolescents who reported exposure from 1 channel had a 60% increase in odds of being current marijuana users (Table 3) ; exposure from 2 types of channels increased the odds by 70%, and exposure from 3 or more types of channels more than doubled the odds. Tenth-graders had 3.2 times the odds and 12th-graders 4.0 times the odds of 8th-graders of reporting marijuana use. Girls were less likely than boys to report use of marijuana, and black adolescents had higher odds of reporting marijuana use than did white adolescents. Adolescents whose parents had a college education or higher had lower odds of reporting marijuana use than adolescents whose parents did not have a high school diploma. Adolescents who lived in North Central, South, and West census regions were less likely to report marijuana use than those living in the Northeast. Respondents from a large MSA or other MSA were more likely to report marijuana use than those from a non-MSA.
Exposure to marijuana advertisements from multiple channels was not associated with frequency of marijuana use. Sex, race/ethnicity, and parental education were 3 factors that were associated with frequency of marijuana use in the multivariable analysis. Girls were less likely than boys to report using marijuana more frequently (β = −0.7, P < .001). Hispanic adolescents were less likely than white adolescents to report using marijuana more frequently (β = −0.3, P = .04). Students whose parents had a college education or more were less likely than those whose parents did not have a high school diploma to report using marijuana more frequently (β = −0.5, P = .006).
Discussion
This study found that exposure to marijuana advertisements is prevalent among adolescents. More than half of MTF respondents in 2014 and 2015 reported some level of exposure to marijuana advertisements. Exposures were through a wide range of media channels, and the internet was the most common channel, fol-PREVENTING CHRONIC DISEASE VOLUME 14, E124 PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY
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www.cdc.gov/pcd/issues/2017/17_0253.htm • Centers for Disease Control and Preventionlowed by television, magazines or newspapers, radio, stores, and billboards, in that order. It is not surprising that adolescents reported the greatest exposure through the internet, because adolescents spend a substantial amount of time online. According to a 2015 Pew Research Center report, 92% of teenagers go online daily, including 24% who say they go online "almost constantly" (23) . Digital media, including social media sites, were reported to be common sources for observing marijuana advertising (24) . The marijuana industry might follow the similar strategy from tobacco industry (25) to entice adolescents so that they might become regular users in the future. Federal and state regulations on marijuana advertisements are needed to prevention exposure among adolescents. Colorado passed rules to restrict retail marijuana establishments from using television, radio, print, and internet advertisements for adolescents under the age of 21 (26) . Surveillance of exposure to marijuana advertisements among adolescents is warranted.
This study showed that exposure to marijuana advertisements on storefronts, magazines or newspapers, billboards, internet, television, and radio were all significantly associated with current marijuana use among adolescents. For example, after adjustment for sociodemographic characteristics, adolescents with exposure to marijuana advertisements on the internet in recent months were 80% more likely to report marijuana use in the last 30 days than adolescents with no such exposure. Furthermore, adolescents usually were exposed to marijuana advertisements through multiple channels, and 38.9% of adolescents reported exposure to marijuana advertisements from at least 2 types of channels. Exposure to marijuana advertisements through multiple channels further increased the odds of current marijuana use. Although this crosssectional study precludes causal inferences, these results are consistent with the results of a previous study on middle school adolescents' marijuana use in southern California (15) . This study also confirmed that exposure to marijuana advertisements might have similar effects on adolescents' marijuana use that exposures to advertisements for other substances (eg, alcohol, cigarettes, ecigarettes) have on adolescents' use of those substances. Moreover, exposure to marijuana advertisements from the internet was also associated with reporting marijuana use more frequently in the last 30 days. Exposure to marijuana advertisements could influence how adolescents perceive the drug and normalize their use of it, resulting in an increase in the use of marijuana. As more states approve recreational marijuana use or pass medical marijuana provisions (27) , researchers should assess the impact of advertisements on adolescents' marijuana use and inform policy initiatives for regulating marijuana advertisements. People who work closely with adolescents, such as parents, pediatricians, clinicians, and school educators, should educate adolescents about the harmfulness of marijuana use, such as poor school performance and neuropsychological performance deficits (28), to counter the effects from exposure to marijuana advertisements (15) .
This study identified other sociodemographic factors associated with current marijuana use and frequency of marijuana use. Older (vs younger) adolescents, boys (vs girls), black adolescents (vs white adolescents), adolescents whose parents did not have a high school diploma (vs college or higher), those who lived in Northeast (vs other regions) or in a large or other MSA (vs non-MSA) were more likely to be current marijuana users. Sex, race/ethnicity, and parental education level were also associated with using marijuana more frequently. For example, Hispanic adolescents were less likely than white adolescents and boys were more likely than girls to use marijuana more frequently. Knowledge of the social factors that contribute to adolescents' marijuana use can help school administrators and public health professionals develop targeted prevention strategies to prevent adolescents from drug abuse. For example, anti-marijuana use messages tailored to adolescents with certain sociodemographic characteristics might resonate better with students than a one-size-fits-all approach.
This study has several limitations. First, the 2014 and 2015 MTF studies are cross-sectional; thus, this study could not determine whether the exposure to marijuana advertisements caused an increased use of marijuana or vice versa. Second, exposure to advertisements was self-reported. Thus, recall and attentional biases might have existed in this study, especially for younger respondents (29). For example, current marijuana users might be more likely to pay attention to marijuana advertisements than those who are not interested in marijuana (30). Longitudinal studies to evaluate the effects of exposure to marijuana advertisements on marijuana use among adolescents are needed. Third, because the students were asked only whether they had seen advertisements promoting marijuana use, this study did not differentiate between medical and recreational advertisements. The influence of these 2 types of advertisements on adolescents' marijuana use might differ; future research should evaluate the effects of medical and recreational advertisements separately. Fourth, single-item measures were used to examine exposure to marijuana advertisements, and they might be less psychometrically robust than multiple-item measures. Nevertheless, the strength of this study, with single-item measures, was to allow assessment of the effects of multiple exposures of marijuana advertisements through multiple channels. Fifth, social media sites were reported to be common sources of exposure to marijuana advertisements (24) . It is not clear how exposure to social media sites confounded with exposure to the inter-PREVENTING CHRONIC DISEASE VOLUME 14, E124
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Despite these limitations, this study found that exposure to marijuana advertisements is prevalent among 8th-grade, 10th-grade, and 12-grade adolescents in the United States: 58.7% of MTF respondents reported some level of exposure to marijuana advertisements in recent months. Exposure to marijuana advertisements was significantly associated with higher odds of marijuana use among adolescents. Regulations on marijuana advertisements and educational campaigns on harmfulness of illicit marijuana use are needed. 
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